INTRODUCTION
Tonsil surgery has an ancient history and was first described in the literature almost 3000 years ago. 1 Today, tonsillectomy (TE), with or without adenoidectomy, is one of the most frequently performed surgical procedures in children, with over 530 000 TEs performed on children in the USA each year 2 and nearly 9000 tonsil procedures performed on children in Sweden in 2013. 3 Over the past 100 years, tonsil surgery has undergone a number of changes, particularly with respect to indications and surgical methods. Prior to 1900, the predominant surgical technique was tonsillotomy (TT) with subtotal intracapsular removal of the tonsils. 4 Then, along with advances in anaesthesiology at the beginning of the twentieth century, total extracapsular TE gradually became more common. This paradigm shift from TT to TE was essentially complete by 1950 4 and during the second half of the twentieth century, TE was the prevailing method. Later, in the 1990s, the previously abandoned method of TT was revived in some countries, including Sweden and Austria. 5 Compared with TE, TT is associated with fewer perioperative morbidities, such as postoperative haemorrhage and pain, 6 7 and it is now primarily used to treat sleep disordered breathing (SDB) caused by upper airway obstruction due to tonsil hypertrophy. 8 
Strengths and limitations of this study
▪ This study describes the epidemiological trends of tonsil surgery in Swedish children over the past few decades. ▪ The major strengths of the study are the large population size and the use of the Swedish National Patient Register (NPR) with unique nationwide data and high coverage. ▪ The study covers a long period of time and can therefore be used to determine actual longitudinal application of clinical practice concerning tonsil surgery in Sweden. ▪ One limitation is the potential inherent weakness of the NPR with the possibilities of missing values and inaccurate data reporting. ▪ Data are limited to a Swedish population and the generalisability from a global perspective might be somewhat limited, but the results can possibly indicate the evolutionary factors affecting tonsil surgery on a more global scale.
Along with shifts in surgical methods, the indications for tonsil surgery have also changed considerably. At the beginning of the twentieth century, in the preantibiotic era, infection or recurrent tonsillitis was the main indication for tonsil surgery. 9 Following the introduction of antibiotics in the 1950s, the number of TEs decreased dramatically over the following decades. 10 11 Then, in the 1970s the first cases of paediatric obstructive sleep apnoea (OSA) were identified 12 and a successive shift in indications followed. Today, upper airway obstruction/ SDB is the most common indication for tonsil surgery in children, having surpassed the second largest indication group, infections related tonsil disease. 9 A more detailed analysis of the trends and changes in paediatric tonsil surgery during the twentieth century is difficult to perform due to lack of high-quality data sources.
The National Board of Health and Welfare in Sweden has initiated a national registry, known as the Swedish National Patient Register (NPR), with the aim of collecting data on all healthcare procedures performed in Sweden. 13 The NPR provides the possibility of performing detailed analyses of trends and changes in healthcare practices in a nationwide population. Indeed, this database provides a unique source of data with few, if any, equals around the world.
The importance of monitoring historical and current trends in medical practice cannot be overstated. Some of the most important changes in indications and methods for paediatric tonsil surgery over the last century were not the result of evidence-based research; rather they were based on local praxis and traditions. Furthermore, the related consequences of these changes regarding outcome, complications and economic costs are often unstudied.
The objective of this study was to longitudinally describe the history of tonsil surgery in Swedish children and adolescents with respect to incidence, indications for surgery and surgical methods, as well as age and gender distributions. A description of the trends in paediatric tonsil surgery is a prerequisite to identifying critical research areas that will allow us to determine best practices and improve healthcare quality and can also be a guide to future public health planning.
MATERIALS AND METHODS

Study design
A retrospective longitudinal population-based cohort study based on register data from the NPR and population data from Statistics Sweden.
Data sources
Swedish National Patient Register All medical data were collected from the NPR. Registration in the NPR is mandatory by law for public and private care providers (except primary care) in Sweden. The NPR contains information regarding medical data (diagnoses, surgical procedures), patientrelated data (gender, age, personal identity number) and information regarding healthcare providers. The NPR is thought to have complete national coverage for inpatient care starting in 1987 14 ; outpatient care was included beginning in 1997 and was mandatory starting in 2001.
Statistics Sweden
A government agency that coordinates the official statistics of Sweden and provides statistical information on the Swedish population. Population statistics for all individuals in Sweden aged 1-<18 years during the study period were collected from the Sweden Statistics population database. Indications for surgery were categorised in two main groups: 'obstructive/SDB' and 'infectious' (table 1) ; all other indications were referred to as 'other'. The indication groups were analysed with respect to age, gender and longitudinal incidence.
Statistical analysis
Mainly descriptive statistics were used. The denominator used for incidence rate calculations was the sum of the end-of-year population estimates for each year and age.
For comparison of the event rate between boys and girls, assuming that the events are Poisson distributed, an exact binomial test was performed.
Gender differences regarding indication for surgery in specific age groups were tested using the CochranMantel-Haenszel test.
Incidence rate trends were tested by using joinpoint regression models ( Joinpoint Regression program, V.4.3.1.0, April 2016; Statistical Methodology and Applications Branch, Surveillance Research Program, National Cancer Institute) that identified points ( joinpoints) where linear trends of tonsil surgery changed significantly in direction or magnitude. The rate of change for each trend was tested to determine whether the change was significantly different from zero. In the final model, each trend is described by an annual percentage change (APC) with a 95% CI. The joinpoint analyses were performed for boys and girls separately.
All significance tests were two-sided and conducted at the 5% significance level. All analyses except the Joinpoint regression were performed with SAS System V.9 (SAS Inst., Cary, North Carolina, USA).
RESULTS
In total, 167 894 tonsil surgeries (82 398 (49%) girls and 85 496 (51%) boys) were registered in the NPR between 1987 and 2013 (table 2).
Incidence
The overall incidence rate of registered tonsil operations in patients aged 1-<18 years increased from 22/10 000 person years in 1987 to 47/10 000 person years in 2013 (figure 1). This increase was continuous over the study period, with the exception from 1996 to 2001, when a decrease was observed (figure 1).
The most marked increase in incidence was noted in children aged 1-3 years, increasing from 17/10 000 person years in 1987 to 73/10 000 person years in 2013. This 1-3-year-old group increased their share of total tonsil surgeries from 13.5% 1987 to 29.4% in 2013. The trends in incidence rates for boys and girls are shown in figure 2A , B. Trends were similar and significant for both genders (table 3) .
Gender and age
For the total time period, the incidence difference between the genders were significant ( p=0.0011, exact binomial test), showing a dominance of boys (table 2) . Figure 3A , B shows the age and gender distributions as well as the indication groups. For both genders, the indication 'obstructive/SDB' was most common in the younger age groups, with a peak between ages 2 and 6, and the highest incidence (113/10 000 person years) was in 3-year-old boys with obstruction between 2008 and 2013 ( figure 3A, B) . Infectious indications were more common in teenagers for both genders, particularly for girls, whose incidence was three to four times greater compared with boys of the same age. 1987-1990 1991-1994 1995-1998 1999-2002 2003-2006 2007-2010 2011-2013 1987- Total numbers, total rates and significant difference in bold type. The rate was calculated as the incidence/10 000 person years. The p value for the gender difference is shown. NPR, National Patient Register. The gender differences were significant in the age group 2-6-year-olds who were operated for obstructive/ SDB indications with a male dominance ( p<0.001) as well as in the age group 14-17-year-olds operated for infection with a female dominance ( p<0.001, CochranMantel-Haenszel test).
Further, figure 3A , B shows that the highest incidence levels for tonsil surgery for boys and girls at all ages were observed over the previous time period, 2008-2013. The major reason for this increase was operations in young children with obstruction.
Indications
The indications for surgery between 1987 and 2013 are presented as proportions of the total incidence in figure 1 . The incidence of tonsil procedures performed for the indication obstructive/SDB increased nearly fourfold over this period, from 10 to 36/10 000 person years (figure 1). Since 1990, obstruction/SDB constituted the major indication group. In 1987, 42.4% of tonsil procedures were performed for obstructive/SDB, whereas in 2013, this proportion was 73.6%. In the youngest age groups (children 1-<4 years old), the vast majority (>90%) of tonsil procedures were performed for obstructive/SDB indications. The incidence of infectious tonsil disease as an indication remained stable over the study period. Figure 4 shows the proportions of TE and TT (± adenoidectomy) between 1987 and 2013. An increase in the number of TT procedures began in 1996 with a gradual annual increasing trend, followed by a sharp increase from 2006 onward. From 1997 to 2005, TT increased from 1.8% to 9.8% of all tonsil procedures, and from 2006 to 2013 it increased from 11.2% to 55.1% of all procedures. From 2011 onwards, TT was more common than TE. The major indication for TT was obstruction, and in 2013 >96% of all TTs were performed for this indication. When TE was used, about half (49%) of the procedures were performed due to infection in 2013, a percentage that was generally stable during the observed period.
SURGICAL METHODS
In the youngest group (1-3-year-olds), TT was most common, and in 2013, 71% of all tonsil surgeries in this age group were TTs.
DISCUSSION
This study was based on a national cohort and describes the epidemiological trends during 1987-2013 for tonsil surgeries in Swedish children. Overall, the incidence rate for paediatric tonsil surgery has roughly doubled during the observation period due to an increase in the number of procedures performed for the obstruction/ SDB indication. Furthermore, TT has gradually replaced TE as the predominant surgical method. Few previous studies have addressed these topics in large national cohorts over long periods of time.
Incidence
During the study period, 1987-2013, there was a near doubling of the incidence rate for tonsil operations in Swedish children, with incidence rates reaching 47/ 10 000 person years in 2013. A similar, albeit weaker, trend was reported in a Danish study based on a national cohort, where the cumulative risk of TE in the Another important observation in the present study was that the incidence for the youngest group of children, 1-3 years of age, increased more than fourfold over the study period. This trend was also seen in a study from the UK in which TE rates among children <4 years of age increased from 13.5 to 21.3/10 000 children during the period from 2001 to 2012. 17 The Swedish incidence rate can be viewed as relatively low compared with other nations. Van den Akker et al reported large differences in TE rates between several European countries, the US, Canada and Australia. Incidence rates varied from 19/10 000 person years in Canada to 118/10 000 in Northern Ireland. 18 The incidence rates in our study varied from 22/10 000 person years in 1987 to 47/10 000 in 2013. Potential explanations to this variation in incidence rates between different countries include differences in national guidelines for tonsil surgery, differences in the availability of medical service and differences in reimbursement systems.
For instance, in the Netherlands, antibiotics are not recommended for uncomplicated tonsillitis, which could be a reason for the relatively higher incidence of TE in that country. 19 In contrast, in the NHS system of the UK, the incidence rate has decreased after evidence regarding outcomes following tonsil surgery for infectious indications were questioned. Concomitant with this decrease in TE rates, there was an increase in admissions and serious complications due to tonsil infections. 20 Interestingly, local geographic and sociodemographic factors have been reported to influence tonsil surgery incidence rates. 17 21 A recent Swedish study reported an increased risk of paediatric SDB in families with low socioeconomic status, 22 and this has also been suggested to be a risk factor for group A streptococcal infections. 23 Age and gender We observed a peak in incidence rates during the preschool years, the same age that the prevalence of SDB/ OSA peaks. 24 This peak was significantly higher for boys than it was for girls, which is likely because childhood SDB is more common in boys. 25 Another peak occurred in teenage girls with primarily infectious indications. This significant difference in gender distributions among teenagers could indicate that infectious tonsil diseases are more prevalent in females, although the reasons for this are not fully understood. Overall the observed age and gender distributions were well in line with previous publications showing similar results. 21 26 Indications Overall, a shift in the prevalence of indications was observed, with obstructive/SDB indications increasing over the study period. Obstruction/SDB now constitutes the primary indication for tonsil surgery in children, which is consistent with other published studies. 27 28 The incidence for infectious indications remained relatively stable over the study period.
The most common indication in the younger age group by far was obstruction/SDB, which was seen in this study as well as in several previous studies, 10 28 likely reflecting an increased awareness of upper airway obstruction and SDB as a common disease in the paediatric population. In a single county study from Minnesota, a comparable large-scale shift in indications was observed with an increase in the percentage of SDB/obstructive indications from 12% in 1970 to 77% in 2005. 26 Bhattacharyya and Lin 29 reported that the rates of paediatric adenotonsillectomy nearly doubled between 1996 and 2006, likely due to increased recognition of SDB and OSA. An increasing use of polysomnography (PSG) could have supported this theory of increased awareness of obstructive/SDB indications, but no such data were available in our database for this cohort. Overall, PSG is very sparsely used in children in Sweden.
Another possible explanation to the increase in obstructive/SDB indications could be increasing prevalence of obesity. However, studies of obesity among Swedish children have observed an increase from 1984 to 2000, but thereafter a stabilisation of the prevalence. [30] [31] [32] In our database, no information about obesity was available and therefore this could not be further analysed. 
Surgical methods
Along with a shift in indications, there has also been a shift in surgical methods, with TT gradually replacing TE as the most common surgical method for children in Sweden. This was also the conclusion of a study based on data from another Swedish registry independent of the NPR, the National Tonsil Register in Sweden. 33 Since 2011, TT has become more common than TE in Sweden. That same year, new national guidelines for TT were issued in Sweden. 34 One possible explanation for our findings could be that Swedish ENT surgeons consider TT to be safe enough to perform on small children. TT has advantages over TE with respect to postoperative complications such as pain and bleeding 6 35 with comparable outcomes for symptom relief.
36
A known disadvantage of TT is the regrowth of tonsils with recurrence of obstructive/SDB symptoms and need for reoperation. A recent Swedish study based on the NPR found a seven times higher risk for reoperation after TT than after TE, with the highest risk in the youngest age groups. 37 However, the clinical practice of TT for treating airway obstructions in children seem to be spreading; for instance, in Austria, several serious complications with post-tonsillectomy haemorrhage has led to a switch to TT. 5 
Strengths and limitations
In this study, there was a marked decrease in the incidence rate of tonsil surgeries between 1996 and 2001. The reasons for this decrease in the number of recorded surgeries were analysed together with the representatives from the NPR (Personal communication with Quality Manager for the Patient Register, Anders Jacobsson). One reason for this dip could be a failure on the part of the NPR to collect data on performed surgeries, perhaps due to the increased use of day-care surgery between 1997 and 2001. Another reason could be insufficient reporting to the NPR from private hospitals, which became more numerous during this period. However, we believe this decrease was too great to be explained by failed registrations alone and must represent an actual decrease in the number of surgeries, although the true extent of this decrease cannot be precisely determined.
The NPR is generally considered to have high coverage, 14 although like all clinical registers, it has potential inherent limitations, including inaccurate data reporting and missing values.
Major strengths include the large population size of the register and its wealth of unique nationwide data over a long time period. It can therefore be used to determine actual longitudinal application of a clinical practice in a specific country over long periods of time.
CONCLUSIONS
Our results showed considerable changes in clinical practices for tonsil surgery in Sweden during the period 1987 to 2013. Overall, a doubling in the incidence rates was observed during this period. The reason for this change was an increase in surgical procedures due to upper airway obstruction/SDB, particularly among the youngest age group (1-3 years old) and among boys. Further, TT has gradually replaced TE as the predominant surgical method for obstructive/SDB indications. The incidence rates for infectious indications for tonsil surgery have remained relatively stable during the study period, and the most common patients in the infectious group were teenage girls.
